Cycle Division Multiplexing (DCDM) is presented in this paper. Theoretical and simulation studies have been carried out to evaluate the performance of this technique based on the signal energy and symbol error rate (SER). A wireless channel based on free space propagation model is considered for the simulation study. Two modulation schemes of PSK and QAM are used to evaluate the technique, against the number of users and data rates. Also, the performance of the multiplexing technique is compared with the conventional Time Division Multiplexing (TDM) technique as well as with the multilevel M-ary signaling. The study shows that the energy per bit in the DCDM technique, unlike that of the TDM technique increases with the number of users. The simulation results correspond with the theoretical study in which the DCDM technique has better SER than that of TDM.
I. INTRODUCTION
Multiplexing is an essential part in a communication system where multiple data streams are transmitted simultaneously through a single link, whether the link is based on coaxial cable, fiber, radio, or satellite [1, 3] . Multiplexing is widely employed due to its capability to increase transmission capacity and to reduce system costs [2] . There are three basic types of multiplexing technique in communication systems; time division multiplexing (TDM) [4] [5] [6] , frequency or wavelength division multiplexing (FDM) [3, 7] or (WDM) [8] [9] [10] , and code division multiplexing (CDM) [1 1-15] .
TDM is the most widely used multiplexing technique in communication systems today [16] [17] . However, for multiplexing high number of users with high data rates, highspeed multiplexer and de-multiplexer are required, resulting in very high cost for TDM systems [18] [19] 26] . At higher speeds clock recovery is another essential issue that may render the system highly complicated and costly for TDM systems [20] [21] [22] [23] . Therefore, many investigations have been done to design and develop reliable and cost-effective clock recovery modules for TDM in both the electrical and optical (thus, OTDM) versions [20] [21] [22] [23] [24] [25] .
Realizing these problems, duty cycle division multiplexing (DCDM) is proposed in this paper as an alternative multiplexing technique. In this technique, different users can share communication media and transmit data simultaneously by using the same frequency band, but with a different duty cycle. The proposed technique also has an inherent property which allows for better clock recovery (however, this is not within the scope of this paper).
The purpose of this paper is to introduce the new multiplexing technique and compares this technique with TDM. In section II, the basic functions and characteristics of DCDM are explained based on the theories. The results of a simulation study are discussed in the subsequent section, which is then followed by a conclusion.
II. DUTY CYCLE MULTIPLEXING TECHNIQUE A. Basic Function
The DCDM technique is based the unipolar return to zero (RZ) line code. In this technique, each user transmits a bit of 0 with zero volts within Ts second where Ts is symbol duration, and bit 1 is transmitted with +A volts with a duration less than Ts seconds. The technique defines the duration for ith user as
where n represents number of multiplexing users. For example, for multiplexing 3 users, the I't, 2nd and 3rd user uses duration of T , 2s and 3TS respectively to transmit bit Is. 4 4 4 Therefore, different users can share communication media to transmit simultaneously by using the same frequency band but with different duty cycles. Fig. 1 Based on the number of multiplexing users, there are 2' possible combinations of bits for n users. In the multiplexed signal, each of these combinations produces a unique symbol. Fig. 2(a) shows the 8 possible bits combinations for the case of 3 multiplexing users, and the multiplexed symbols for the 8 cases are presented in Fig. 2(b) . By having the knowledge about this uniqueness at the receiver side, the original data for each user can be easily distinguished and recovered by taking 1 sample per slot for n+± slots per T, seconds. This technique allows for automatic bit error detection and correction, based on the sequence of sampled amplitudes per symbol duration. For the case of multiplexing n users, if only one sample per slot is taken, then, the 1St sample (taken from the 1St slot), has n +1 possible levels, the 2nd sample (taken from the 2nd slot), has n possible levels, the nth sample (taken from the nth slot), has 2 possible levels (O or A volts), and the last sample (n +l)th, (taken from the last slot), has 1 possible level which is 0 volt.
B. Signal Energy
The calculation of the average energy per bit of the multiplexing signal can be obtained by considering all possible combinations of bits for a specific number of users. For example, Fig. 2(b) shows the method for calculating the average energy per bit for the case of 3 multiplexing users.
The average energy per bit of the DCDM technique can be defined as:
where A is signal amplitude in volt, Ts is signal symbol duration in second and n is number of users. The energy per bit will be increased linearly as the number of multiplexed user is increased. This is important as it helps to improve the signal transmission quality at a larger number of users. 
C. Comparison ofDCDM with M-ary and TDM technique
M-ary signaling is normally used to transmit multiple amplitudes, each one representing 2 bits or more. The main purpose of M-ary is to increase the bandwidth efficiency whereby many bits can be transmitted by a single symbol. If each bit is assumed to represent a different user, then M-ary can also be used for multiplexing, thus worthy of comparison with the new scheme.
Two comparisons are done which are based on the number of signal voltage levels and on the average energy per bit versus number of users. Fig. 3 Based on signal energy, the average energy per bit for the DCDM is calculated as presented in Fig. 2 , based on Eq. (2). For the TDM, the same method shown in Fig. 2 
A. Simulation Set Up
The parameters used in this simulation study are presented in Table I , applicable for both the DCDM and TDM techniques. A block diagram of the DCDM technique is depicted in Fig. 5 .
The performance simulation is studied considering two of the main impairment factors which are attenuation and noise.
As the transmitter and receiver antenna are assumed to be in line-of-sight, therefore, the free space propagation model is used to calculate the attenuation in the communication media. (4) where Pt and P, are the transmitted and received power in watts, Gt and G, are the transmitter and receiver antenna gain, d is the transmitter and receiver separation distance in meters, f is the carrier frequency and c represents the speed of light for space which is 3 x 108 m/s [29] [30] . P, is assumed be the same as the baseband signal power which is calculated from the energy content of the multiplexed signals shown in Eq. (2) and (3) for the DCDM and TDM respectively. The amount of thermal noise that is considered in the communication media is given by [29] [30] Pn =kTnBn (5) where the P11 is thermal noise power (W), k is the Boltzmann's constant of 1.38 x 10-23 J/°K, T,1 is known as the equivalent noise temperature and B11 is the equivalent noise bandwidth. The noise bandwidth is assumed to be equal with the multiplexed signal bandwidth. The noise temperature is calculated as [29] [30] T, = T o (F -1) (6) where the Tant is noise temperature of the antenna, To is temperature of source and F is antenna noise figure in dB.
Temperature of the antenna and source are assumed to be at the room temperature of 270C
In order to calculate the SER of the DCDM and TDM with both the M-PSK and M-QAM modulation scheme, the simulation is modeled in the Matlab environment. In this software the SER calculates using the direct method, by comparing the transmitted and received data, (i.e. Number of error / Number of transmitted bit).
B. Simulation Results
Two characteristics of multiplexing system are studied in this simulation; SER versus data rate, and SER versus number of user for both DCDM and TDM technique.
In the case of data rate, 31 multiplexing users are fixed for the simulation set up. The data rate of each user is varied from 1 to 15 Mbps per user contributing to the maximum total data rate of 465 Mbps. Two modulation schemes of 32-PSK and 32-QAM are used to modulate the output signal of the DCDM multiplexer. Fig. 6 shows the SER versus data rate of the DCDM for PSK and QAM modulation scheme. Based on this result, QAM presents better SER than PSK in different data rates.
In the case of number of user, the number of multiplexing user is varied from 1 to 31 in the simulation set up. All users are assumed to transmit in equal bit rate of 10 Mbps. Fig. 7 shows the best SER versus number of multiplexing users. The best performance is achieved, when the number of user is equal to M-1, (i.e. number of user (n) = 7, 15, 3 1).Comparing the two modulation schemes, the same results obtained previously are observed here for multiplexing high number of users.
As QAM modulation scheme performs much better than PSK, it is selected as the modulation scheme for the next simulations.
By comparing the two multiplexing techniques, Fig. 8 and 9 show the result of the SER versus data rate and, SER versus number of user for the DCDM and TDM technique respectively. From Fig. 8 , it is shown that for all bit rates, the DCDM has better performance than the TDM. Meanwhile, in Fig. 9 
